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During operation, the main pipeline needs to be repaired. During periodic
diagnostics of the state of pipelines defects are detected, some of which are
unacceptable [1]. The classic method of repairing, that involves the shutdown of the
pipeline with subsequent replacement of its defective spots, requires significant
financial costs and is associated with a forced outage pipeline and ecological
destruction [2].

The purpose of the researches to improve the technology of increasing the
strength of spots of high-pressure main pipelines by means of welded couplings filled
with molten metal. Strength improvement of the spots of the active pipeline is
realized by installing an active main pipeline of brazed-welded couplings [3]. The
article suggests a technique for strength improvement of pipeline spots using
couplings filled with a molten metal that have a high modulus of elasticity. The
operations of formation of under coupling layer with the parameters that provide
achievement of the maximum value of the stresses reduction degree in the reinforced
pipe are proposed, provide an even load distribution between the wall of the spot of
the pipeline being repaired and the coupling shell.

An improved technology for repairing defective spots of the active pipeline has
been proposed, designs for front seals have been proposed that facilitate the
formation of under coupling layer with optimal parameters [3,4]. The proposed
technique makes it possible to increase the efficiency of the strengthening of pipes of
small and medium diameters [5].

Keywords: technology, coupling, nondestructive, control, diagnostics, repair, gas
pipeline, pipeline, pressure, gas, transit.
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Actual problems of modern instrument is creation of automated equipment that
provides complete technological cycle circuit manufacturing parts machining
precision instruments, and in the preparation of precision instruments can be used.

The parameters that most fully characterize final quality of precision
instrumentation products, in particular parts of gyroscopic, optical instruments and
measuring instruments, are shaping sizes, such as shaft diameters [1, 2], as well as
diameters of inner apertures of precision instrument parts.

Results obtained by some of scientists [1, 3, 4, 5] indicates that the problem of
measuring the diameter of the shaft practically did not develop in either theoretical or
practical aspects for a long time, despite its great need in industry, although a similar
problem arose. Development of methods and means of calibration of the diameter of
the precision shaft in the manufacture of precision instruments. This is especially true
for the creation of automated tools that confirm status of existing commercially
available devices.

Analysis of these scientific researches are proved that the methods of obtaining
and calibrating sizes on stationary laboratory-type equipment are mainly analyzed,
and not directly in production. Devices that can calibrate shaft diameter directly in
automatic production mode are virtually absent. In addition, determination of shaft
diameter is focused on a one-sided measurement, which can cause significant errors
and negative impact on the accuracy of details of type of rotation bodies, which has
the consequences of losing accuracy of system or device in which such a shaft is
installed. However, studies reflected in their work prove that it is necessary to
develop a two-sided measurement type to obtain complete information about object.
However, recent copyright work has proven that this is possible. In addition, this
capability has an appropriate physical and mathematical foundation based on
TONTOR technology [6].

The analysis of these studies proves that basic scientific opinion in determining
shaft’s diameter is focused on analysis of this phenomenon, on a one-sided
measurement, which can make significant errors and negative impact on detail’s
accuracy of type of bodies of rotation, and this has consequences of loss of accuracy
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of system or device in which such shaft is installed. However, studies reflected in
their work prove that it is necessary to develop a two-sided measurement type [5] to
obtain complete information about object.

The researches carried out by authors over last years [2, 6 - 8] are proved, that in
order to perform full quality control of the shafts, such as details of precision
measuring instrument, it is necessary to have reliable control over the sizes
(diameters) during technological process of part’s manufacturing. This is especially
true for shafts of different sizes and internal diameters of parts. Defining errors of
current size of shaft diameter leads to the inhibition of technological processes and,
as a consequence, defects and defects in of parts manufacture.

The purpose of this work is to create basics of action of shaft measuring device in
automatic mode as one of structural components of control and measuring complex.

Theoretical studies were conducted regarding determination of shaft diameter,
which formed the previous achievements in direction of determining these parameters
at the level of concept development, which should be brought to applied research.
The basic idea is to create basics of automatic device’s operation for measuring the
shaft diameters of a component of overall production process. In addition, a micro-
drift of part’s surface, which can measure the proposed device, will greatly improve
precision of manufacture of shaft in automatic mode. It is necessary to provide
measurements of such geometrical parameters of shaft formation, as well as micro-
drift of workpiece’s surface during machining process. This is ensured by subsequent
mathematical processing of measured data, which makes it possible to automate
process of quality control of workpiece directly during its manufacture or when
assembling an device.

The scientific novelty of the proposed work is that all known works are devoted
to the improvement of already existing meters of diameter’s size of details of the type
of shafts or bodies of rotation. The design of these devices is mainly intended for
determination of surface parameters by technical means in laboratory conditions,
which is extremely inconvenient.

In addition, all enhancements concern not so much the mechanical part as
electronic processing of information. devices cannot operate on machining equipment
due to their design characteristics (bulky, masses) and complete lack of automation.
This results in a loss of workpiece accuracy and an increased amount of workpiece
culling as they control either only final machining result or size finishes can result in
loss of the required workpiece’s surface coordinates.

Therefore, the proposed automatic shaft diameter calibrator is ahead of current
production systems for automated industrial equipment, as it is fully automated, it
will have a new mechanical design and electronic hardware that is different from
existing devices.

Keywords: TONTOR technology, measurement of shaft diameters, quality

control, machining equipment.
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Po3BUTOK e(eKTHUBHUX CHCTEM paaio3B’sa3Ky Ha OCHOBI (ha30BOI MOIYIAIT
CIIOHYKaB J0 PO3POOKM BHCOKOTOYHMX BHcokoudacToTHHX (BY) TpancuBepax, ski
CYTTEBO 30UIBLIYIOTH MOJIMBOCTI TOYHOTO BHMIPIOBaHHA (a30oBOro 3CyBY
paJioCUTHAIB B IMIMPOKOMY Jiarma3oHi 4acToT. [Ipu po3B’s3aHHs TEXHIYHHUX 33724 B
SHEPreTulll, TP JOCHTI[DKEHHSX 3 BHU3HAYCHHS CKJIaJy pPEYOBHH, B TOYHOMY
npwianoOyayBaHHI Ta  paaioHaBiramii BHHUKAE  HEOOXIIHICTH  CTBOPCHHS
BUCOKOTOYHHMX BHMIPIOBIBHUX CHUCTEM NPEUU3IIHOrO0 BUMIpIOBaHHS (Pa3oBOro
3cyBy pamaiocursaiis [1]. Icayroui BU-TpaHcuBepr BUKOPHUCTOBYIOTH TEXHOJIOTIIO
KBaJpaTypHOi MOIyJIAIIl Ta JAEMOAYJALl CHUTHaiB, a JyIs ONTHUMI3alii Ta
HaJaro/PKeHHs XapaKTepUCTUK B CHUCTEMax TaKOro THUILY 3aCTOCOBYIOTHCS
PI3HOMaHITHI MaTeMaTUYH1 MOJIEJIl Ta CUMYJIATOPH B PI3HUX MPOrpaMHUX 3aco0ax.

Ha ocHoOBI1 aHami3y iCHy4MX CHUCTEM Ta MpUIadiB MOXKHA 3pOOUTH BUCHOBOK, IO
JUISl BIPOBA/KEHHS TAKUX TEXHOJIOT1H HEOOX1HO 30LIbIINTHA TOYHICTh BUMIPIOBAHHS
¢ba30BOrO0 3CYBY paJiOCHUTHaNIB, YacToTH sKux Jexare y BY ta HBY
(HaIBMCOKOYACTOTHHUX) Jiama3oHax. Tak, 3a TOMoMOroro 30HmyBaHHS curHasioMm (1-
6 ['T) peyoBMHM MOKHa TMPOBECTH TOYHHM KUIBKICHUNH BHUMIp OO0'€MHOI 4YacTKU
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pedoBUH 0€3 pyHHIBHOrO BIUIMBY Ha Martepial MpH MPOBEACHHI HOro anamizy [2].
Takok yacTo € HEOOXIJHICTh y CHHXPOHHOMY BHUMIpIOBaHHI (a3u CHUTHAIIB
OJIHOYACHOTO 3 KIJBKOX JDKEpes, MPU BHUKOPUCTAHHI TaKUX TEXHOJIOTIH, SK
aMIUtiTyqHo-da3oBe gerekTyBaHHs Ta Beamforming [2]. Tak, TtexHomoris
Beamforming no3Bosisie 3A1HCHIOBaTH HE TUIBKKM BHUMIPIOBaHHS 00'€éMHOI 4YacTKU
PEYOBHH, a ¥ BHU3HAYUTH MICLIE PO3TALIYBAaHHS II€] YACTKU B JOCTIIHKYBAHOMY
00’ €KTI.

Ha ocHOBI A0CHIIP)KEHh BCTAHOBJICHO, IO NpPH Pi3HUX (ha30BUX 3PYIICHHSIX B
MeXax BiJ - 10 +1 CHUTHANY 3aluTy, [0 MOAAEThCS HA 00 ’€KT, JJIS 3MEHIICHHS
NOXMOKM BH3HAUEHHS (DAa30BOrO 3CYBY paIlOCHTHAIIB B OO0’€KTI KOHTPOIIIO
HEOOX1IHO BU3HAYUTH 3 3aCTOCYBAHHSIM YCEpEIHEHHs 3CYBY (a3 IUX CUTHAJIB 3
BpaxyBaHHSIM OTPHMAHOTO MUISIXOM TOTEPEIHBOTO KaliOpyBaHHS 3CYyBY dasu
CUTHAITY 3aIUTYy.

Knrwouosi cnosa: x¥BampaTypHuil JIeMOAYJIATOp, (a3zoBa MOMYIAIS, 3CYBY
PalOCUTHAJIIB.
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Today, the creation of highly efficient systems and processes in economics,
technology, production, ecology is largely related to their research, construction and
practical use.

When designing and researching complex systems, they operate not with the
objects themselves, but with their models, that is, modeling acts both as an apparatus
and as a means by which a project of a complex system is created. In the broad sense,
modeling means the process of adequately reflecting the most significant aspects of
an object or phenomenon under consideration with the precision required for practical
purposes. Thus, modeling can be called a special form of mediation, the basis of
which is a formalized approach to the study of a complex system. The theoretical
basis of the modeling is the theory of similarity, which means an one-to-one
correspondence between two objects, in which the functions of transition from the
parameters of one object to the parameters of another object are known, and the
mathematical descriptions of these objects can be transformed into identical ones.
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Similarity theory gives the opportunity to establish the presence of similarity or
allows you to develop a way to obtain it.

That is, modeling is the process of presenting a research object to an adequate
(similar) model to it and conducting experiments with the model to obtain
information about the research object. When modeling complex systems, the
following basic properties that are inherent to them must be considered: the purpose
of operation; the integrity and complexity of the constituent elements; uncertainty;
adaptability manifested in adjusting to different external actions; universality of
mathematical models; controllability of mathematical models, which allows to
change parameters during experiments.

Mathematical modeling of complex systems is one of the most universal types of
modeling according to which the set of mathematical relations is matched by the
physical process and the phenomenon to be simulated [1]. By solving these
relationships, you can determine the behavior of an object without creating a physical
model, which is often costly and inefficient.

Computer modeling is a method of solving the problems of analyzing or
synthesizing a complex system based on the use of its computer model. The essence
of computer modeling is to determine quantitative and qualitative results using an
existing model.

The computer model of process and system should reflect as fully as possible all
the main factors and relationships that characterize real situations, criteria and
constraints. In addition, the model should be so universal (to cover the widest
possible range of destination objects), and so simple (to facilitate the necessary
research with minimal cost).

The computer direction of modeling in science field has been called the
computational experiment, which is a research methodology based on the study of a
mathematical (informational) model using logic-mathematical algorithms on a
computer.

Computer modeling and computing experiment have significant advantages over
full-scale experimentation: you do not need to experiment on real physical, economic
or other objects, so the cost of different computer experiments is much less than full-
scale experiments. The scope of experiments can be chosen arbitrarily at the request
of the researcher, with the possibility of conducting multiple experiments with
gradual changes in the input data of the task; conducting real experiments is in some
cases dangerous or impossible; In the process of constructing mathematical models
for the computing experiment and during their study, you can analyze and explain the
characteristics of the object. The basis of the computing experiment is based on a
triad: model - numerical method (algorithm) of research - program. The experience of
solving complex problems shows that the method of mathematical modeling and
computing experiment combine the advantages of traditional theoretical and
experimental-statistical methods of research.
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Most applied problems (engineering, economic, biological, etc.), the result of
which must be represented numerically, are reduced to mathematical problems solved
by various computational methods.

The sequence of solving such problems can be represented in the following steps:
statement of the problem; creation of a mathematical model (formulation of the
problem); validation of the model for adequacy; construction of a calculating
(computing) model that corresponds to the accepted mathematical model;
calculations on the selected computational model at given (known) values of the
initial data; analysis of the results obtained.

Computer modeling of processes and systems has been tried on the examples of
solving various problems of technological preparation of instrument making, which
showed the high efficiency of its application.

Keywords: complex systems, modeling, mathematical modeling, computer
modeling, computing experiment.
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Every surface, even though it may appear smooth to the human eye, has some
form of texture structure that takes the form of a series of peaks and valleys.
Examination under a magnifying instrument will reveal this complex structure of
peaks and valleys that vary in height and spacing and make up a surfaces texture.
Surface texture has properties that are a result of the way the surface was produced
(e.g. cutting tools produce uniform spacing with defined directions whilst grinding
produces random spacing) as well as other factors such as crystal structure and paint
on the surface. There are a lot of factors affecting uncertainty in surface geometry
measurement. They are caused by environment, measuring equipment, measured
object, software and measuring method. Machined surface texture changed during a
low wear process, when wear is within a limit of original surface topography.
Changes of surface during wear could be characterized by surface topography
measurement. There are various possibilities of wear measurement and some of them
are presented here.
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Surface topographies of discs after wear process were analyzed. Wear tests were
conducted using a pin-on-disc tester with a ball-on-disc configuration. A steel disc of
40 HRC in hardness was placed in contact with a steel ball with a diameter of
6.35 mm. The hardness of ball was 62 HRC. The disc samples had different surface
topographies obtained after various types of machining (grinding, lapping, polishing,
milling and vapour blasting). Surface topography after tests were measured using a
white light interferometer Talysurf CCI Lite with a vertical resolution of 0.01 nm.

During analysis of surface topography containing wear scar the first action is to
remove form. This is important, because improper selection of reference plane can
cause substantial error of measurement. For flat surface only levelling (a polynomial
of the first degree) can be used. Application of a polynomial of the second degree can
cause serious distortion of profile (cross-section) of wear track which can lead to
false estimation of disc volumetric wear. It was found that the average errors could be
up to 30%. Also presents hole areas calculated by one of the possible methods (hole
between the bars) offered by TalyMap 6.0 software. Differences between hole areas
varied from 17316 um” to 20316 pm®.

Keywords: surfaces texture, surface geometry measurement, surface topography
measurement, wear measurement.
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Panime BcranoBineno [1], mo meroq ACM wMae yHIKalbHI BJIAaCTUBOCTI B
MOPIBHSHHI 3 1HIIMMH METOJaMHU MIKPOCKOIIiI, Kl B IMEpIIy 4Yepry poOJsTh HOTo
HEBIJ'€MHUM Ta HEOOX1THUM 1HCTPYMEHTOM Cy4YacHOro jJociigHuka. I{le odymormtoe
JOIIBHICTE peanizaii Ha 6a3i ACM cydacHOro 1HCTPYMEHTAJIBHOTO MIKPOCKOIY,
0 JO3BOJSIE TPOBOAMTH MIKPO- Ta HAHOOOPOOKY (MIKpOCKpailOyBaHHS;
HAHOCBEPUTyBaHHs, HAHOMTOTpadi0), BBOAUTH MIKPO- Ta HAHOIH €Ki B 01000°€KTH
Ta OIlOpeakTopH, a TaKOXX NPOBOJUTH CHUHTE3 HAHOCTPYKTYp (BHUPOIILYBAHHS
HAHOTPYOOK Ta 1HIIMX HAHOCTPYKTYp; peali3allisi IHCTPyMEHTIB TUIIy HAaHOBEPETEHO
Ta HaHOEKCTPYy3is) [1].

[Ipore, M1 KOXHOTO OKpPEMOro JOCTIIKEHHS HEOOXITHO BUKOPHCTOBYBATH
CHeIiaTbHUN 30HJA, SKUM TMPUHIUIOBO BIAPI3HAETHCS B I1HIUX 1 TOTpedye
000B‘SI3KOBOI 3aMiHM B XOJIi MPOBEICHHS BHMIPIOBAILHOTO EKCIEPUMEHTY. Takum
9yuHOM, TpoOjeMa yHi(ikamii 30H/IB YHEMOXKJIHUBIIIOE TOBHOIIIHHE KOMILJIEKCHE
JOCITDKEHHST MaTepialliB IPY BUKOPUCTAHHI JIMIIIE OJTHOTO THUITY 30HIIB.
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Tomy, aBTOpaMu IPOMOHYETHCSI BUKOPUCTAHHS MaTPHIIl 30HIB, 110 CTBOPEHI Ha
€AVHIN MIKIAIUHIN 1 MAlOTh MIPUHIIMIIOBO Pi3HE MpU3HAUYeHH. Taka MaTpUIlsd MOXKe
CTBOPIOBATHCS Ha YMIIl 3 T°‘€30€JEKTPUYHOI KEPaMIKH B K1 METOJA0M KOMOIHOBaHOT
CJICKTPOHHOI MIiKPOOOPOOKH CTBOPIOIOTHCS JAOMEHHO-TUCHIIATHBHI CTPYKTYPH,
BUKOPHUCTAHHS SIKUX JIO3BOJISIE TMPOBOJUTH HE3aJICKHE KEPYyBaHHS KOXXKHUM 30HIOM
okpeMo [2]. TakuM YMHOM, BHUKOPUCTAHHS MATPHUIl 30HJIB JO3BOJSIOTH
JAOCTI/DKYBaTH  IIMPOKWH  CHEKTp  BJIACTHBOCTEH  MarepialiB 'y  TOYHOMY
npuiaao0yayBaHHI B OJTHOMY ITUKJII BUMIPIOBAHHS.
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[Ipy BHUTOTOBJICHHI BINNMOBIJATBLHUX JCTAJCH MAIIMH Ta MEXaHi3MIB, SKi
MpaIiol0Th B yMOBAaX 3MIHHUX HABAaHTAXEHHS BAXIMBUM € 3a0€3MCUCHHS
HEOOX1THOTO 3HAYECHHS OTIOPY BTOMH 32 PaXyHOK ()OpMYBaHHS IIOBEPXHEBOTO IIapy
BIAMOBIAHOT sKocTi. [lpu 1upboMy mia JeTajned TUIY «BaI»MiCias YOPHOBHX,
HaIMIBYUCTOBUX Ta YUCTOBHUX OMepalliii TOKapHOi 0OpOOKH 3aCTOCOBYIOTH OIeparlii
nutidyBaHHs, oaipyBaHHs Toio. [IpoTe B 1aHMil yac MPOCTiKOBYIOThCS TEHISHIIIS
3aMIHM TakuX omepariid  (QiHIIIHOKW O00pOOKOK IMOBEPXOHb TOYIHHAM 3
BUKOPHUCTAHHSAM 1HCTPYMEHTIB 3 HaATBepAuX matepianiB [1, 2]. V 3B’sa3Ky 3 1um,
aKTyaJIbHOIO € 3a/lada HAyKOBOTO OOTPYHTYBaHHS TEXHOJOTIYHOTO 3a0e3NedeHHs
HEOOX1IHUX TMapaMeTpiB SKOCTI MOBEPXHEBOIO IIAPYy BIAMOBIAAIBHUX JETallel Ta
HEOOXIJHOr0 3HAYEHHS [MKJIIYHOI JOBrOBIYHOCTI, SK OCHOBHOI YHCJIOBOI
XapaKTEPUCTHKH OMOPY BTOMI, IPU TaKOMYy (DiHIIIHOMY OOpPOOIICHHI.
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Bupimennst qaHoi 3ajadi moJisira€ y CTBOPEHHI MaTeMaTUYHOI MOJIENI Mpolecy
(GIHIITHOTO TOKApHOTo OOpOOJICHHS JAeTajel, 0 MPalolTh B YMOBAaX HHUKITYHUX
HABAHTAXKEHb, 3 METOI0 BU3HAYEHHS ONTUMAIBHUX PEXHUMIB iX 0OpOOKH.

B sikocTi 1117160B01 PyHKIIT MaTeMaTHYHOT MOJIEII 3alPOMIOHOBAHO BUKOPUCTAHHSI
KOMIUIEKCHOI LUJIbOBOT (yHKIIIT [3], 1110 BKJIOYA€E JBa 4aCTKOBHX KpuTepii. Ilepruit
MPEJCTAaBICHUM y BUIJISAII MaTeMaTUYHOI 3aJIEKHOCTI IUKJIIYHOT TOBFOBIYHOCTI BiJl
PEXKUMIB TOKAPHOTO OOPOOJIEHHS Ta HAIPYKEHHS LIUKITY:

N(S,V,0)=¢", (1)
k =14.437+0.0048V +13.006S —13.190 + 0.002V'S — 0.002V o —5.941S 0 +
+0.0000004V % +2.9295% +3.0135°.
ne V — IBHIKICTb pi3aHHA, M/XB.; S — mojaaya, MM/00; o — HampyKCHHS
uukiy, ['Tla.

L5 3ay1e3KHICTh OTpUMaHa IIISIXOM MPOBEJAEHHS EKCIEPUMEHTAIbHUX JAOCIIIKEHb
Ta 00poOKHU iX pe3ynbTaTiB [4] s 3pas3kiB 31 ctam 40X 3 BUKOPUCTAHHSAM Pi3ls 3
pizanbHOIO acTuHkoro VBGW 160404T00815SE 13 kyGiuHOoro HITpUAY OODY.

Jpyrum 4acTKOBUM KPUTEPIEM ONTHUMAIBHOCTI € MaKCUMajbHa MPOIYKTUBHICTb
MPOIIECY MEXaHIYHOTO 0OPOOJICHHS MPH YUCTOBOMY TOUIHHI:

H(S’V):i:”D—Lh, (2)
r,  1000VSt
e 7, — OCHOBHMH yac, XB.; D — jaiamMerp oOpoOJitoBaHOi MOBEPXHI, MM; L —
PO3paxyHKOBa JOBXKUHA 00pPOOJICHHS; /i — MPUITYCK, MM; ¢ — TTTHOWHA Pi3aHHS, MM.

Toni, BIAMOBIZHO 10 METOAWKHA OaratokputTepianbHOi onTumizamii [3],

KOMIUIEKCHA IIIb0Ba (DYHKIIIA, 10 BpaxoBye 4acTkoBi kputepii (1), (2), mae Takwuii

BUTJISI;
N(S,V,0)—N._. s, v)-11 .
c(s.v.0)=| | NOLD N | [T M 3)
Nmax_Nmin Hmax_nmin
2
ne o, 1 a, — KoeQilleHTH, 3HAUCHHS SIKUX € OLIHKaMH eKcmepTiB; N, N, . —
BIJIMOBIAHO MiHIMAJIbHE 1 MaKCHMMaJIbHE 3HA4YeHHS LUKIIYHOI goBrosiyHocTi; I'Tla;
I1_.., II_.  — BIANOBIJIHO MiHIMaJbHE 1 MaKCHUMajbHE 3HAYCHHS MPOAYKTHBHOCTI,
1/xB.

OnTuMalbHI 3HaUEHHS MIBUAKOCTI pi3aHHsA, MOJayl Ta HANpy>KEHHS B Marepiani
JeTani, mo OOyMOBIIOETHCS yMOBAMH ii €KCIUTyaTallii, BU3HAYAIOThCA 13 00JacTi
JOMYCTUMHX PIlIeHb, fKa BKIIOYa€E OOMEXKEHHs MO MoAaul, MIBUAKOCTI, CHJIl Ta
HOTY>KHOCTI pi3aHHS, CTINKOCTI IHCTPYMEHTY, TOUHOCT1 Ta HIOPCTKOCTI MOBEPXH.

Takum dYHMHOM, 3ampPOMOHOBAHO MaTEeMAaTHUYHY MOJENh Tpolecy (iHIIIHOTO
TOKApHOTO OOpOOJICHHSI JeTajied, M0 BKJIOYA€ KOMIUIEKCHY IIbOBY (YHKIIO 3
JIBOMa YaCTKOBHUMH KPHUTEPISIMHU ONTHMI3AIlli: IUKIIYHY JOBTOBIUHICTH JEeTajl Ta
MPOJAYKTUBHICTH OOPOOJICHHS ITPU YMUCTOBOMY TOYiHHI, SIKa JO3BOJISIE 32 METOUKOIO
OaraTokpuTepiabHOI OMNTHUMI3allll BU3HAYUTH ONTUMAJIBHUN peXuM (IHIIIHOTO
TOKapHOrO 00poOJieHHSI. BUKOpHCTaHHS pO3paxOBaHUX PEKUMIB OOpPOOKH TMpu
GIHIIIHOMY TOKapHOMY OOpOOJIeHH1 JAeTalieil 3 BUKOPUCTAHHSIM IHCTPYMEHTIB 3
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pI3aJIbHOI0O YAaCTHHOK 13 KyOI4HOTO HITpuay Oopa 03BOJUTH chopmyBaTu

MOBEPXHEBUM IIap JAeTall BIMOBIIHOI SIKOCTI Ta 3a0€3MEUUTH HEOOX1THUIM BTOMHUI

pecypc npH ii eKcruTyaTarii.

Kniouosi  cnosa: OGaroTokputepiaibHa  ONTUMI3aIsA, (IHINIHE TOKapHE
00pOoOJICHHS, ITMKJIIYHA JIOBTOBIYHICTh, TPOIYKTUBHICTh IPU YUCTOBOMY TOYI1HHI.
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Y metanooOpo0iii icHye 0e3id mpobiieM, 3B’ sI3aHUX 3 BUTOTOBJICHHSIM OKPEMUX
AeTanei sl AKX BaXJIMBO HE CTUIBKH OTPUMATH BUCOKY TOYHICTh PO3MIPY, CKUIBKH
noBepiieHy reomeTpiro Gopmu. Il mpobiiema HE 1a€ MOKIUBOCTI OTPUMATH JeTall
BHUCOKOTOYHOI TeoMeTpii. MeToan mocepeiHbOro KOHTPOIIIO AO3BOJISIOTh BUSHAYUTH
pi3HI cuTyalii 3 IHCTPYMEHTOM 1 € OLIbIl HAAIHHUMHU 3 TOYKH 30py KOHTPOJIIO
CUTHAJIB, SIKI HaIXOMATh 3 30HM pi3aHHSA. OCHOBHUM HENOJNIKOM YCiX MPUCTPOIB
KOHTPOJIIO € HEe3a/JI0BUIbHA IIBUJIKOJISA aHai3y CTaHy poOOYOTO I1HCTPYMEHTY.
HaiironoBHimow 3 HHUX € WIBUAKICTh OTpUMaHHA 1H(OpMaIi Mpo TOpPKaHHS
IHCTpYMEHTY Ta Jerainl. Y 3B‘I3Ky 3 I[UM € aKTYaJbHICTh PO3POOKH
HA/AMIBUIKOMIFOYAX CHCTEM BHU3HAUEHHS TOpKaHHS. PoOoTa mpucBsidueHa BUPIMICHHIO
aKTyallbHUX TpOOJIEeM TIOB’S3aHMM 3 TEOMETPUYHOK TOYHICTIO BUTOTOBJICHHS
aetanedl mwiaiHApUYHOI (opMM Ha TOKapHUX Bepctarax 3 cucremamu CNC.
JlOCTIIKYyeThCST  MOKIIMBICTh OTPUMAHHS BHCOKOTOYHUX T€OMETPHYHUX (opm
MWTHIPUYHOTO BUIJIANY 32 JOTMOMOTOK KOMIUJICKCHOI aJalTHBHOI CHUCTEMH
MPOLIECOM METaI000pOOKH.

B pesynaprari Oyn0 BU3HAYEHO, IO TPOIEC TOPKAHHA € TOJOBHUM
dbopmoTBOpurM (hakTOpOM, KU Mae Oe3MmocepenHii BIUIMB Ha SKICTh KIHIIEBOTO
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OPOAYKTY BHUpPOOHHUIITBA, @ HOr0 KOHTPOJb € BAXIMBUM (PAKTOPOM MiATPUMKH
BHCOKOSIKICHOT TexXHOJIOTii. B pe3ynbraTi mpoBeaeHOro aHami3y CTBOPEHO CHUCTEMY
peecTpariii TOpKaHHS, sIKa O3BOJISIE BU3HAYMTH BUMOTH JO TPUHIUIIB TOOYIOBH
CHUCTEM JaTYMKIB, IX HEOOXI1/IHI TEXHIYHI XapaKTEPUCTUKHU Ta aCIeKTH 3aCTOCYBaHHS.
CydacHa cucTeMa TOpPKaHHS MOBMHHA MAaTW BEJMKY IIBHIKOAII0. Bu3HadueHo, 1o
HaWOUTbII €(PEKTUBHI CUCTEMHU TOPKAHHS JJII KOHTPOJIIO MPOIECY MEXaHOOOPOOKHU
MOBUHHI MaTu HacTymHi 1H@opmariiini Buxoau g0 CNC TeXHOJOT1YHOTO
0o0JIaIHaHHS: SIKICTh TOPKAHHSI; TOPKaHHS; BIJACTaHb, TOTOBHICTh, IO IIIJBHIIYE
AKICTh TPEUM3IMHUX TEXHOJIOTIYHUX TMpoleciB  MexaHooOpoOku. IlpoBeneHi
eKCIIEPUMEHTAaJIbHI JOCTIIXKEHHS, SIKl MITBEPAWIIH , 1110 BIPOBAIKEHHS PE3yJIbTATIB
JOCTIPKEHb y BHUPOOHMIITBO Ja€ MOXJIIMBICTD 3MEHIIUTH TPYIOMICTKICT MpH
00po61u getaneit Bix 15% no 25%. Ha ocHOBI KOMIUIEKCY MPOBEIEHUX TEOPETUUHUX
1 eKCHepUMEHTAJIbHHUX JIOCHIIKEHb PO3POOJECHO 1HXKEHEepHI peKoOMeHAalii o
MPOCKTYBaHHS TEXHOJOTIUHUX TporeciB Ha Bepcrarax 13 UIIK, mo mgo3BOHTH
MIJBUIIUTH TOYHICTH OOpOOKM y pas3u (B 3aJ€KHOCTI BIJI YMOB) 3a pPaxyHOK
3MEHILIEHHS MMOXHOOK MaKCUMaIbHOI OOPOOKH KOHTYPY, BUKIMKAHOI HE JKOPCTKICTIO
TEXHOJIOTTYHOT CHCTEMH.
Kntouogi cnosa: TouHICTh, CUCTEMA, MEXaHOOOPOOKa.
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The main method for producing parts of devices is their mechanical processing.
When machining parts, especially important characteristics are to obtain the required
quality of the detail’s surface layer and control elastically deformed state at the places
of application of cutting forces and the emergence of temperature fields in the
processing zone.

The analysis of the scientific literature has made it possible to determine that to
control the parameters of the surface layer quality and the values of the elastically
deformed state of the detail after its machining, namely the value of residual
deformations and stresses is expedient by means of cutting modes by changing the
speed, flow and depth of cutting. The main advantage of using these parameters is
that they have the greatest influence on the formation of the detail’s elastically
deformed state, the simplicity of their change by the technologist, which allows to use
the already existing technological process by its minimal adjustment.

The purpose of this work is to create a technique for determining the elastic state
of a detail using modern computer simulation and numerical analysis systems.

The solution to this issue can be the development of new computational methods
based on the use of modern computer simulation and numerical analysis systems,

40 Cexuin 3. KOMIT'FOTEPHO-IHTET'POBAHI TEXHOJIOI'T]
BHUPOBHUL]TBA ITPHJIA/]IB.



XIX Mixcnuapoona nayxkogo-mexniuna xonugepenuia “IHPUH/IA/IOBY/IYBAHHA :
cman i nepcnexkmueu’, 13-14 mpaensa 2020 poky, KIII im. I20opsa Cikopcoxozo, Kuie, Yxkpaina

with appropriate scientific generalization of known theoretical and practical
developments in this field. One of these numerical methods is the finite element
method (FEM), the application which allows to achieve the desired results with
minimal time spent.

The finite element method allows you to divide the workpiece by the required
number of elements and to perform separate mathematical calculations at each point.
The advantages of this method are that the finite elements are simple elements
(straight lines, triangles, rectangles, pyramids, prisms). Thus, by this method it is
possible to approximate bodies with complex shapes. Element sizes can also be
variable, allowing you to enlarge or reduce grid elements. With FEM, it is easy to
consider boundary conditions with breaking surface load, as well as mixed boundary
conditions.

The mechanics of stress-deformed body, which is the basis for the
implementation of the finite element method for solving the tasks of modelling
cutting processes, is based on the following fundamental laws and equations: the law
of mass conservation; energy conservation law; the law of conservation of traffic;
equilibrium equation; Fourier law of thermal conductivity; equation of the
movement-deformation relation; equation of stress and deformation of bodies.

In addition to these fundamental laws, one should point to the strict requirement
for continuity of deformations within one body, which is conditioned by the condition
of joint deformation [1].

Mathematical representation of patterns of stress fields’ formation in the
workpiece after machining requires consideration of a significant quantity of factors.
The main ones include cutting mode parameters, physic-mechanical and chemical
properties of the workpiece, the sequence of detail’s processing, tool geometry, tool
wear, etc.

Literature [2] provides a rationale for using numerical methods of surface layer
quality control. It is proposed to use the finite element method and its capabilities for
modelling the cutting process and the ability to work with the required physical
values. It also outlines the basic theoretical principles of the finite element method,
the mathematical dependencies required to solve tasks related to elastic and plastic
deformations, and the formation of residual stresses. Such dependence is known from

scientific works

)=t tem e e,
where {¢} — is the vector of total deformation; {g} — vector of elastic deformation;
{g’”} — vector of temperature deformation; {g““} — vector of plastic deformation.

The presented relations are implemented in the calculation algorithms of most
programs of finite element analysis, for example in FEMAP, in the form of a
mathematical description of grid elements [3].

The use of computer analysis methods can reduce the cost of material and labor
resources, because the real experiment is replaced by a virtual one, reduce the

Cexuin 3. KOMIT'FOTEPHO-IHTEI'POBAHI TEXHOJIOI'T] 41
BHUPOBHUIL]TBA ITPHIIA/]IB.



XIX Mixcnapoona naykoeo-mexniuna xonngpepenuia “HPH/IA/IOBY/IYBAHHA:
cman i nepcnexkmueu”, 13-14 mpaens 2020 poky, KIII im. 12opsa Cikopcokozo, Kuie, Yxkpaina

duration of technological preparation of production and improve the quality of
technological decisions made.
Keywords: machining, details’ surface layer, quality parameters, elastically

deformed state, finite element method, FEMAP.
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B nmanuii 4ac CKOpOYeHHS TEpMIHIB Ta IMOKpAIIEHHS SKOCTI PO3pOOICHHS
TEXHOJIOTIYHHUX TMPOIECIiB MOXe OyTH JOCATHYTO MUISXOM 3aCTOCYBAaHHS
aBTOMATHU30BAHUX CHUCTEM MPOEKTYBAaHHs, sIKI BUMaraloTh (hopmaiizaiii BCiX eTarliB
MIPOCKTYBaHHS 1 CTBOPEHHS BIAMOBITHIX MaTEMaTUYHUX MOJICIICH.

TexHoO0TIYHI TIPOIIECH MEXaHOCKIAJAIBHIX POOIT XapaKTePU3YIOThCS BEIUKOIO
KUIBKICTIO €JIEMEHTIB, CKJIQJHUMH Ta pPI3HOMAHITHUMHU 3B'A3KaMH MIDK HHUMHU.
Tpaauiiiini METOIM aHaII3y TaKUX OO'€KTIB HE JO3BOJISIOTH OyJayBaTh MOJEl i
ONMUCYBAaTH TaKl BaXJIMBI 1X XapakTepUCTUKHU, SK (yHKIs, OararopiBHEeBa
oprasizaliisi Ta CTPyKTypa 3arajibHUX BJIACTUBOCTEH CKJIAJHUX O0'€KTIB 1 MPOIECIB. Y
3B'SI3KY 3 IIMM BEJIMKOTO 3HAYCHHS HaOyBae po3poOJieHHS MaTeMaTHYHUX MOJENEH,
10 0a3yrThCA Ha CUCTEMHOMY MiJX0/ll 0 00'€KTIB BUPOOHHUIITBA Ta TEXHOJIOTTYHUX
MPOIIECIB B ILIIOMY.

[Ipu aBTOMaTH3alii MPOEKTYBaHHS TEXHOJOTIYHHUX TMPOLECIB  CKIATaHHS
NEPCIEKTUBHUM € HaIPsIMOK re’epariii TEXHOJIOTTYHO-PaIllOHATIEHUX
MOCTIIOBHOCTEN  (JOpMyBaHHS ~ CKJIANadbHOI  OAWHUIN  (BUPOOM)  IIIAXOM
aBTOMATHU30BaHOTO  cuHTe3y. Jlmg  aBTOMarm3oBaHOro  mMOOyIOBH  came
TEXHOJIOTIYHOTO TPOIECYy CKIAJaHHS HEOOXiJHAa BeJIWKa KUIBKICTh IMOYaTKOBOT
iH(popMmariii, B 3B'SI3Ky 3 LHUM HMOBIPHICTb BBEIEHHS HEMpaBWUJIbHOI 1H(OpMAaIii
BHCOKa, Ta OOOB'S3KOBO TIPU3BEAEC JO HEKOPEKTHOI TIeHepalii MOCIi0BHOCTI
CKJamaHHs. 30KpeMa, Juisi BUOOpPY HEOOXigHOro oOJaJHaHHS Ta OCHAIICHHS

42 Cexuin 3. KOMIT'FOTEPHO-IHTET'POBAHI TEXHOJIOI'T]
BHUPOBHUL]TBA ITPHJIA/]IB.



XIX Mixcnuapoona nayxkogo-mexniuna xonugepenuia “IHPUH/IA/IOBY/IYBAHHA :
cman i nepcnexkmueu’, 13-14 mpaensa 2020 poky, KIII im. I20opsa Cikopcoxozo, Kuie, Yxkpaina

HeoOximHa 1H(dOpMaIliss Tpo TUN 3'€AHAHHS ACTalield, 1X PO3MIpH ¥ TMOJOKECHHS
AeTalell B CKIQAaNbHUX ONMHUIX. [l oTpumanHs Oe3midi  albTepHATHUB
TEXHOJIOTIYHUN-PAIIOHATBHUX  TMOPSAKIB  CKJIAJaHHS  MPWIANIB  JOCTATHBOIO
iHopmMmariiero € iHpopMallis po OOMEXKEHHsI PYXJUBOCTI JeTajeld B CKJIagaabHOl
OJIMHUIIL, 5IKa 33JIa€ThCS Y BUTJISAA1 O1HAPHUX CIIBBIAHOIICHD.

3 BHKJIAJICHOI'O BHILJIMBAE, 110 BC1 OCHOBHI 3aBJaHHS, MOB'I3aH]1 3 TEXHOJOTTYHUM
IpOLIECOM CKJIaJaHHs HEOOXIJHO BHUPINIYBATH aBTOMATW30BaHO. OCKUIbKH 00CST
BUXIIHUX JaHUX JIOCUTHh BEIIMKHA, TOMY palliOHAJIbHUNA aBTOMATH30BAHHA METO]
MPOEKTYBaHHS, JI€ 32 OCHOBY OepeThCsi MaTeMaTHYHa MOJIeTh 00'€KTa CKIIAJaHHs, 110
JI03BOJISIE  PO3LIMPUTHA BHUXIAHY 1HQOpMAII0 TpO BHUPIO, CKOPOTUTHU TEPMIHH
OCBOEHHS HOBUX BHpPOOIB, MIJBUIIUTH PUTMIYHICTG BHPOOHUILITBA Ta SKICTb
IUTAHYBaHHS BUPOOHUYUX MPOIIECIB B IIIOMY.

Knrouosi cnosa: cknamanfs, MaTeMaTHYHE MOJICITFOBAHHS, MOJICITb.

VK 621.91.534.7
CHUCTEMA JIAT'HOCTYBAHHA CTAHY OBJIAIHAHHA B ITPOLECI
BUTI'OTOBJIEHHA JETAJIEU ITPUJIAIIB

3aeys C. C.
Hayionanonuu mexniunuu ynisepcumem Ykpainu
«Kuiscokuii nonimexniunuii incmumym imeni l2ops Cikopcbkoeoy, Kuis, Ykpaina
E-mail: zss_vp@bigmir.net

[Ipn nmiarHOCTyBaHHI CTaHy Oylb-sIKOro 00'€eKTa, B TOMY 4YHCII 0€3 ydacTi
JIOIUHM, 3a0€3MeUyeThCS CTaIICTh MEBHUX (DI3UYHUX IMapaMeTpiB JaHOTO 00’ €KTa
BIJTHOCHO BCTAHOBJIEHMX MOKA3HMKIB, 1110 XapaKTEepU3ye cTaH 00'ekTa, a00 3MiHA ITUX
BEJIMYMH BIJMOBIAHO J0 3aJlaHOro abo MPOrHO30BAHOIO 3aKOHY, Ha IIiJCTaBi
OTpUMaHO1 KOHKPETHO1 1H(popMaIlii Mpo cTaH 00'€KTa 1 HABKOJIMIIIHHOTO CEPEIOBHUIIIA.
3MICHIOETHCS 11€ 32 JOTIOMOTOK0 aBTOMAaTH30BaHOo1 cuctemu aiarnoctyBanHus (AC/).

[IIupoke 3acTOCyBaHHSI BEpCTATIB 3 MPOTPaAaMHUM KEPYyBaHHSIM 1 HEOOXIIHICTbH
OTPUMAaHHS MAaKCHUMAaJbHO MOXJIUBOTO e€(eKTy BiI iX BHUKOPHCTaHHS, POOWTH
MUATaHHS aJaNTUBHOTO KEPYBaHHS JOCHUTHh aKTyaJbHUMU. 3aCTOCYBAHHS aJalTUBHUX
CUCTEeM Ha BepcraTax 3 uuciaoBuM nporpamHuM kepyBanHsM (UIIK) 1
OararoomepaiiifHIX BepCTaTax JIO3BOJISIE€ CTBOPIOBATH CaMOHAJATOJ[KyBaJIbHI
TEXHOJIOTIYHI CHUCTEMH, sIKi 3a0e3MeuyroTh HEOOXIJIHY TOYHICTh 1 MPOJAYKTHUBHICTH
pu 0OpoOITl HOBOT JAeTal.

VY BCiX A1arHOCTUYHUX CUCTEMAax, 110 3a0e3MeUyI0Th KOHTPOJIb TEXHOJIOTIYHOTO
nporecy 1 oOjagHaHHS BIJIHOCHO OJHOI a00 KIJBKOX PETyJIIOIUMX BEJIUYUH,
BAXXJIMBUM € MUTAaHHS CUCTEMATHMYHOTO OTPUMAHHS 1H(dOpMAIli, 0 XapaKTepU3ye
CIIpaBXXHIM cTaH mporecy 1 obnamHanHsa. OTtpumana iHGopMallisl NMOBHUHHA MaTH
KOMIUIEKCHUM XapakTep 1 Oe3nmepepBHO IMOCTyNaTu Oe3MocepelHbO0 B TMPOIIECi
BUKOHaHHS omepartiid [1].
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[IpoexTyBaHHS cHCTEM aBTOMATUYHOIO JiarHOCTYBaHHS MpoOIECy OOpoOKH Ha
METaJOpI3aIbHUX BEpCTaTaX IMOYMHAETHCS 3 YITKOTO BU3HAYEHHS 3aBllaHb, SKi
HEOOXIAHO BUPIMIUTH IUJISXOM OCHAILEHHS BepcTaTa CHUCTEMOI0 aBTOMATUYHOTO
JIarHOCTyBaHHs. B 11bOMy BHUIAIKy OOMOBIISIIOTHCS CTYIMiHb YTOYHEHHS, OYIKYBaHe
MIJBUIICHHS MPOAYKTUBHOCTI OOpOOKH, XapakTep ONTHUMI3allii Ipolecy, TepMiH
OKYITHOCTI CHCTE€MHM, TEXHIKO-€KCIUTyaTalliiiHI TMOKa3HUKH BepcTaTra, OCHAICHOTO
CAJl, 1 psan crieni19HUX BUMOT, K1 TP IBJISTIOTHCS 10 CUCTEMH B IIJIOMY.

Merton akyctuuHoi emicii (AE) pekoMeHAyeTbcsi BUKOPUCTOBYBATH IS
KOHTPOJIIO TPOMHUCIOBUX OO'€KTIB MO HACTYMHUX CXEMax, M0 €, SK MpaBHIIo,
BapiaHTaMHM MOETHAHHS 3 IHIIMMHA METOJIaMU HEPYHHIBHOTO KOHTPOJIO [2].

1. IIpoBogsate AE kouTponb o0'exty. Y pasi BusBieHHs Jxepend AE B micui ix
pO3TallyBaHHs IPOBOAATH KOHTPOJIb OAHUM 3 METO/IIB HepyﬁHiBHoro KOHTPOJIIO, 10
pernamenTytotbes (11K): YIIbTPa3BYKOBHM (V3K), pamiamiitaum, maraitanm (MI1]]),
MIPOHUKAIOYMMH PEUYOBUHAMHM 1 IHIMTUMU, TIEpeT0adYeHUMH HOPMATUBHO-TEXHIYHUMHU
TOKyMeHTamMu. JlaHy cxemy peKOMEHAYEThCS BUKOPUCTOBYBAaTH IPU KOHTPOII
00'eKTIB, 10 3HAXOIATbCS B ekcruryatauii. I[lpm mboMy ckopouyerbes 00'em
B)KMBAHUX METOJIB HEPYHHIBHOIO KOHTPOJIIO, OCKUIBKM Yy pa3l BHKOPUCTAHHS
METO/IB, IO PErJIaMEHTYIOThCS, HEOOXI1JHE MPOBEACHHS CKaHyBaHHS IO BCiH
noBepxHi (00'eMy) KOHTPOJILOBAHOT'O 00'€EKTY.

2. IlpoBoasTh KOHTPOJL ofHUM a00 aekiabkoMa Merogamu HK. Ilpu BusBieHHi
HEMPUITYCTUMHX (IT0 HOPMAX METOIB KOHTPOJIO, IO PErIaMEHTYIOThCs) Te(eKTiB
abo Mpu BUHHMKHEHHI CyMHIBY B JIOCTOBIpHOCTI BxkuBaHUX MeToaiB HK mpoBonsate
KOHTPOJIb 00'eKTy 3 BUKOpucTaHH:IM MeTony AE. Octaroune pimeHHs mpo JOMYCK
00'ekTy B eKCIUTyaTalilo a0o pEeMOHTI BHUSBICHHX JePEeKTIB MNPUHMAIOTh 3a
Hacaiakamu nposeaeHoro AE koHTpouio.

3.V pa3i HasBHOCTI B 00'ekTi AeexTy, BuaBieHoro onuum 3 metoaiB HK, merox
AE BUKOPHUCTOBYIOTH JUIsl MOHITOPUHTY 3a PO3BUTKOM IbOTO jaedekty. [Ipu npomy
MOXe OyTM BHUKOPUCTAaHUW E€KOHOMHHUM BaplaHT CHUCTEMH KOHTPOJIIO, 13
3aCTOCYBaHHSIM OJHO KaHallbHOI a00 MaJlo KaHajdbHOI KOH]Irypaii akyCTHKO-
eMICIITHOT anapaTypH.

4. Meton AE BIANOBIIHO J0 BUMOI HOPMATUBHO-TEXHIYHUX JIOKYMEHTIB [0
eKCIUTyaTalii CyIuH, L0 MpaIOI0Th il TUCKOM, 3aCTOCOBYIOTh IIPU ITHEMO
BUMNPOOYBaHb OO0'€KTy SIK CYNPOBOKYIOUUN METOJ, IO MiJABUINYE O€3MeKy
npoBeJeHHsS BUMPOOyBaHb. B 1IbOMy BUMAAKy MeTOIO 3acTocyBaHHA AE KOHTpoIto
CIIy’)KUTh 3a0€3MeUeHHs MOMEePEIKEHHSI MOKIUBOCTI KaTaCTPO(PIUHOTO pyHHYBaHHS.
PexomenayeTscsi BUKOpUCTOBYBaTH MeToll AE sk CympOBOIKYIOUYHIT METOH 1 MpH
ripo BUNPOOyBaHb 00'€KTIB.

5. Metong AE moke OyTH BUKOPHCTAHUM N7 OLIHKH 3aJIMIIKOBOTO PECYpCyl
pIIIICHHS THUTAHHS MO0 MOXKJIMBOCTI MOJANBINOI eKcIuTyaramii 00'exkty. OrriHka
pecypcy NpPOBOAUTHCA 3 BUKOPHCTAHHSAM CHEI[AJIbHO PO3POOJIEHOT METOAMKH,
y3rOJIKEHOT B YCTaHOBJICHOMY MOPsiAKY. IIpy 1bOMy AOCTOBIpHICTH pPE3yJIbTATIB
3QJIEKUTh BIJ 00'eMy 1 $KOCTI ampiopHoi iHGopmarllii mpo MOAENl PO3BUTKY
MIOIIKO/IKEHB 1 CTaHy MaTepiajly KOHTPOJIBOBAHOTO 00'eKTY [2].
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[Ticas 06poOKH MPUMHATUX CUTHAJIB Pe3yibTAaTU N1aTHOCTUKH MPEICTABISIOTH Y
BUTJISII 1IEHTU(IKOBAHUX 1 Ki1acu(ikoBaHUX kepes AE.

[Ipu yxBaneHHi pimeHHs 3a Hachiakamu AE niarHOCTHMKY BUKOPHUCTOBYIOTH JIaHi,
SIK1 TTIOBMHHI MICTHTH B1IOMOCTI TIpo Bci mkepena AE, ix knmacudikarii 1 BiioMOCTI
mojao kepen AE, mapamerpu SKMX TEPEBUINYIOTh JIONMYCTUMHMN  PIBEHb.
Jlonyctumuii piBeHb Jpkepesia AE BCTaHOBIIOE€ BUKOHABEIb MpH MiAroToBIl 10 AE
JIIarHOCTUKH KOHKPETHOTO 00'€KTY.

Knrouogi cnosa: cucrema J1iarHOCTUKH, aKyCTUYHA €MICIS.

Jlitreparypa
[1] FO. M. ConomennieB, B.I'. Mutpodanos, C.Il. IIporomonos, 1. M. Peibkun, Adanmusroe

ynpasneHue mexuonocuyeckumu npoyecamu. Mocksa, Poccusi: Mammunoctpoenue, 1980 c.
[2] B.B. IlleBuenko, C.C. 3aenp, O.O. Omninidiuyk, “AHani3 aKyCTHYHOI eMicii B mpoliecax

MeXaHI4HOT O0OpOOKM 3 BUKOPUCTAHHSM BeiBieT — makerTiB”, Bicuux Hayionanvrnoeo

mexniunozo ynisepcumemy «XIIl». Cepia: Hoei piwenns y cyuacnux mexnonoeisx, 7 (1229), c.
232-238,2017.

YK 621.882.586: 7.022.2 ) )
CIIELJAJIBHUUW IHCTPYMEHT I TEXHOJIOI'TA KATIJIAPHOI ®IKCALIII
PI3bBOBUX 3’€/ITHAHb B [TPUJIAJIOBY IYBAHHI

Mosuan K. B., Powenxo O. M., Hecin B. B.
Vrpaincoxuii Hayko60-00CaioOnull iHCmumym cneyianbHol mexHiku ma cyo0osux eKCnepmus
Cnyocou b6esnexu Yrpainu, Kuis, Yxpaina
E-mail: kupriano@ukr.net, Ix.toto@gmail.com, witnes@ukr.net

B KOMI'IOTEpHO-IHTETPOBAaHMWX MapIIPyTax BHUTOTOBICHHS MaluX MapTiid
npuiadiB TIeBHI omepalii BUKOHYIOTbCS BpY4YHY, Xo4ya W MOXYTh OYyTH
aBTOMATH30BaHMMHU. 30Kpema KamnuigpHa ¢ikcaiis rBUHTIB eManamu (Puc. 1)
IIUPOKO 3aCTOCOBYETHCA B EJIEKTPOTEXHIIl Ta npwiaao0yayBaHHl. Jlo3Bojse
yHepeauTH MocaabaeHHs Pi3bOOBUX 3’ €THAHD.
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Puc. 1. IlocnimoBHICTh BUKOHAHHS KamUISIpHOI (hikcarlii pi3sb00BOTO 3’ €THAHHS
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Kpim dikcarii moske OyTH 3aCTOCOBaHUM IJIOMOYBaHHS, MiJ sIKE Mepe10adyaeThes
KOHCTPYKTUBHE 3ariIMOJICHHS B MICIIX 3 €AHaHHSA. B pasi 3arnubiieHoro 3’€IHaHHS
HEMETAJIEBUH ILTATENb 3 KPaIJIel0 eMajll MPOCyBalOYHCh OTBOPOM MOXKE TOPKHYTHCS
10 WOTO BEpPXHBOTO Kpaw YW JO IMIIHAPUYHOI TOBEPXHI 3ariauOJIeHHS.
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Y TBOPIOIOTHCS JIOKabHI, HemepeadaueHl KOHCTPYKIIEI, 30HU 3 IIApOM IMOKPHUTTS
(Puc. 2).

Puc. 2. Cxema yTBOpeHHs Henepe0aueHUX JOKATBHUX 30H 3 TIOKPUTTSIM

VYnepenutn 3a3HadeHuil ne(eKT MOBEpPXHI MOXKHA, 3aCTOCYBABILIN CIICLIATbHUN
1HCTpYyMEHT 3 OydepHoro abo rpudonoaidHoI0 KommneHcalieo aiamerpa (Puc. 3).
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Puc. 3. Cxema 3acTocyBaHHS CIEIIaILHOTO IITIATEIS 3 KOMITCHCAIIE0 TiaMeTpa

Po3pobnena texHomoris Moxe OyTH 3acCTOCOBAHOIO AJiA KamuisipHOi (ikcarii
3’¢HAaHb E€MaJIIMH B 3aryIMOJICHHSX 31 CIIBBIJHOIICHHSM BHCOTH 10 JlaMeTpa
Bix 1/3.

Knrouosi cnosa: TexHomnoris npuinaao0ymyBaHHs, Gikcarlis pi3pou, mmaTei.

YK 004.42
KOMIT'IOTEPHA-IHTEIT POBAHA CUCTEMA JO3YBAHHA PIIKICHIX
I[TPOAYKTIB

D3awenxina H. M., VT onyoes JI. I1., 2 Cypos B. O.
Y Hayionanonuti mexniunui yuieepcumem Ykpainu “Kuigcokuii nonimexHivHut incmumym imeHi
lzops Cikopcwvkoeo ”, Kuis, Ykpaina,
Y Kuiscokuti nayionansHuil VHigepcumem mexHono2it ma ousauny, Kuis, Ykpaina,
E-mail: nanicl604@gmail.com,; golubevi@ukr.net; vovasurov28@gmail.com

Omnepariis 103yBaHHS PIAKICHUX MPOAYKTIB YK€ IIMPOKO PO3MOBCIOHKEHA B
XIMIUHI¥, (apmakoJoTiuHiii 1 XxapyoBid mpomucioBocTi. ToMy mnpoOiaema
aBTOMAaTH3allli 103yBaHHS PIIMHHUX MPOAYKTIB CHOTOJIHI CTOITh OCOOJIMBO TOCTPO.

Jlns  aBToMarm3allii Mpolecy J03yBaHHS PIAMHHUX MPOIYKTIB  JOIIBHO
BUKOPHUCTOBYBATHU MIKPOIPOIECOPHE YIIPABIIHHS, SIK€ HAHOIBII MAXOAUTh IS IIUX
MIPOIIECIB Ta Ma€ HU3KY MepeBar: THyYKiCTh, YHIBEPCAIBHICTb 1 HU3bKY II1HY.

CrpoekToBaHa MIKpPOIPOILIECOPHA CHUCTEMa JI03YBaHHS PIAMHHUX MPOIYKTIB
CKIIAJAEThCSl 3 HACTYIMHHUX €JEMEHTIB: MikporporecopHa cuctema Arduino UNO,
teHzogaTuuk Ha 10 kr, 6nok AL NX711, norpyxunuii Boasauii Hacoc DC 12 B
4,2 Bt npoayktuHicTio 240 n/roj. 2-kaHalbHUW pereHuilt Moxynb 5B, Momynb
posmmproBaya inTtepdeiicy (I12C), PK-mucrurein LCD1602, xHOmKOBuU# 010K
ynpaBiiHHSA 1 KomyTanii (puc. 1).
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Puc. 1. Cxema nigkiaroueHHs TeH3o1aTurKa 3 6;1okoM AL 1o MikpomnporiecopHoi cucteMu
Arduino

OCHOBHUM YYTJIMBUM €JIEMEHTOM CHCTeMU € TeH30AaTyuk 3 Omokom AILIII
NX711. IIpuHiun BUMIpIOBaHHS Baru 3a JOIMOMOTOI0 TEH30JaTYMKIB 3aCHOBAaHUH Ha
3pIBHOBa)XYBaHHI MacH BaHTaXy, 110 3BaXKYETHCS, 3 MPY>KHOI MEXaHIYHOIO CHJIOO
TEH30/IaTYMKIB 1 TIEPETBOPCHHS 1€ CUIU B EJIEKTPUYHUN CUTHAN IS TIOJANIBIIO1
00poOKu. 3a 3MIHOIO OMOPY TEH30PE3UCTOPA MOKHA OOUHUCIUTH CTYIIHB AedopMalii,
ska Oyzie mpomnopuiiHa CuIl, SIKa JOJAETHCS 10 KOHCTPYKIIII.

AAroput™ poOOTH CUCTEMH CKIIAJAEThCA 3 HACTYITHUX KPOKIB:

1. Oneparris kaniOpyBaHHsI CUCTEMHU - KHOTIKa «Resety;

2. Omnepallisi BA3BHAYEHHS Baru Tapy - KHOIKA «Zeroy);

3. YcraHoBKa 3Hau€HHs 103 piaAnHU (KHOTIKH «Dose+» 1 «Dose-»);

4. 3anyck Hacoca 1 mogava piauHu B Tapy (kHomka «Pumpy). Ilogaua piauHu
TPUBAE J0 TUX Mip, MOKU Bara piIMHU HE TOPIBHIOBATUME 33aJJaHOMY B II. 3.

5. Ilicns BUKOHaHHS omeparlii 103yBaHHS HEOOX1JHO 3aMIHUTH 3allOBHEHY Tapy
Ha TIOPOYKHIOI TOBTOPUTH I1. 4.

Bucnosok. Jlo nepeBar po3po0yeHOi CUCTEMH CIiJl BIAHECTH HEBEIUKY LiHY, a
TaKOX — YHIBEpPCAJIbHICTh (MOXJIUBICTH POOOTH 3 PI3HUMHU pPiAMHAMH), a TICIA
HEBEJIMKOTO JTOOIPAIFOBAHHS, 1 3 CUITyYHMH MIPOTyKTaMH.

Knrwouosi cnosa: wmikponporiecopra cucrema Arduino UNO, TeH301aT4HK,
CHCTEMa JJO3yBaHHS.

VJIK 621.795: 621.3 )
KOMBIHALISI CUMBOJIIB TA THAUKALIT TSI BITOBPAXKEHH I
BUKOHYBAHMX ITPOLIECIB Y BUPOBAX ITPUJIAZJOBY IYBAHHSA

Heciu B. B., Binescoka O. C, Tonuiii H. B., Jlazebnuii B. M.
Vrpaincoxuii Hayko60-00CaioOHull IHCMumym cneyiaibHol mexHiku ma cyo0osux eKCnepmus
Cnyorcou 6esnexu Yrpainu, Kuis, Ykpaina
E-mail: witnes@ubkr.net, hellena3449@gmail.com, topchiynatalia@gmail.com, rawlik@i.ua

[Ipomecu, 1m0 peami3yloThCsl B CyYaCHHUX MPHUCTPOSIX, TOCUTH PI3HOMAHITHI.
CuMBOIM 17151 X B1IOOpakeHHsI pO3pOOIISIOTHCS Ta BHAO3MIHIOIOTHCS MOCTIHHO [1].
Habip takumx cumBoiiB 00’e¢qHanuii B MiKHapogHoMmy ctanaapti [SO 7000 [2].
OxpemoI0 TPYMHoI0 CTaNU Ti, IO BiIOOpaXaroTh TUHAMIKY MPOTIKAHHS BUKOHYBAaHUX
MIPUCTPOEM omeparliii. BOoHM 3aCTOCOBYIOTHCS B MAHEIISIX YU MOHITOpax BUPOOIB.
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CuMmBoiM, mo3HaueHi Ha Puc. 1, moka3yloTh IUIMHHICTH Ta PEe3yJIbTaTHBHICTD
PI3HUX MpoIeciB. 3MIHHI JUHAMIYHI CUMBOJIM CTATUYHO MO>KHA B1IOOpPa3UTH OJHIEIO
HaWOLIBII 1HPOPMATUBHOIO MO3UIIIEIO.

all=all=atll = all- -‘IA“
CEtAE

Puc. 1. lunamiyna 3miHa cuMmBoItiB «PiBeHb curaamy» ta «llepesamyck»

OO6nagHaHHs, sIKE HE MA€ B CBOIM KOHCTPYKIIIi €IE€MEHTIB BiJOOPaKeHHS, MOXE
nepesaBaTd KOpUCTyBady iHGOpMaIlil0 MPO JUHAMIKY BUKOHYBAHHUX MPOILECIB 3a
JOTIOMOTOI0 HAHECEHWX CTaTUYHMX CHUMBOJIIB Ta JOJATKOBOI iHauKarii. B pasi
peainizaiii JEKIIbKOX TMOCTIOBHUX a00 MapajelbHUX OfMepaliii 3aCTOCOBYBAHUM
OpUIaoM, KOHKPETHUN TPOIEC, TO3HAYCHUI CUMBOJIOM, JTIOTIOBHIOETHCS CBITIIOBOIO

inukarniero (Puc. 2).
al C
@ (@)

Puc. 2. Ilpuknanx HaHeCEHNX CHMBOJIIB Ta 1HIMKAIlll BUKOHYBAHOTO MPOIIECY

Pexkomenpariii, mpuBeaeHi B poOOTi, MOXKYTb OyTH 3aCTOCOBAaHMMHU B TMPOIIECi
PO3pOOKH Ta BUTOTOBJICHHS CIIEI1ali30BaHOl MPOAYKIIT B IpUiIa100y yBaHHI.
Kniouoei cnosa: cuMBOJIM )18 3aMIHH HAIIUCIB, 1HIUKAITIS.
JlirepaTypa
[1] B. B. Hecin, «HectanmapTHi CHMBOJM JJIS 3aMiHU HAIMCIB B MPUIIaA00yayBaHHI: pO3poOKa,
BUKOHAHHS TPaBIPYBaHHSIM, KOHTPOJIb SIKOCT», I[X HAYKOGO-npakmuyna KoHgepeHnyis
cmyodenmis ma acnipanmis «lloensio y matibymue npunadoobyoysannsy, Kuis, 2016, c. 64.
[2] ISO 7000 Graphical symbols for use on equipment — Index and synopsis.

YK 681.2
ABTOMATHU30BAHA CUCTEMA BUSHAYEHHA BIZIICTAHI 10 OB’€KTY 3A
JOITOMOI'OIO CTEPEO30OPY

U3au;€m<iﬂa H M, Ir. onyoes JI. I1., I Mamsw O. M.
I)HauionaﬂbHuL? mexHiuHul yHieepcumem Ykpainu
“Kuiscoxuu nonimexuiunuu incmumym imeni leops Cikopcwvkoeo ”, Kuie, Ykpaina,
Y Kuiscokuti nayionanshuil VHigepcumem mexHono2it ma ousauny, Kuis, Ykpaina,
E-mail: nanicl604@gmail.com; golubevi@ukr.net; matasaleksandr97@gmail.com

Jly’xe 4acTo B poOOTOTEXHIIll, B TEXHOJIOTYHUX Mpoliecax Ha BUPOOHMIITBI Ta B
IHAYCTpil BIAEOITOp YAcTO BUHUKAE 3aBJaHHS 3a 1H(POPMAIUEID BiEO-CUCTEMH
BU3HAYUTH BIICTaHb 710 00'€KTa.
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TpanuiiifHo B SKOCTI YyTIUBOTO €JIEMEHTa B CUCTEMaxX BHU3HAYEHHS BiJICTaHI JIO
00'eKTa BUKOPUCTOBYIOTHCS YIIBTPa3BYKOBI a00 iH(pauepBoHi faTuyuku. OHaK, BOHU
HE MaloTh BUOOPYOi 3/1aTHOCTI, @ BU3HAYAIOTh BIJICTaHb J0 OYJb-IKOTO 00'€KTa IO
3ycTpiBCsi. BUKOpPHUCTOBYIOUM CTEpEO-31p MOKHA HE TIILKH 3HAWUTH MOTPIOHUM 00'€KT
(HampuKJIal 3a1aHOTO KOJBOPY), ajle 1 BU3HAYUTH BiJICTaHb J0 HHOTO.

Tomy B sKOCTI JaTuuka JJii BU3HA4YEHHS BiJCTaHl /10 o0'ekTa Oyna oOpaHa
cucTeMa cTepeo-3opy Ha 6a3i nBox Web-kamep Logitech C-170.

BusnaueHHs BijcTaHi 10 00'€kTa 3a JOMOMOTOI CTEPEO-30pYy IPYHTYETHCS Ha
noOy10Bi KapTu MMUOMHY 10 faibHOCTI. KapTa rmubunu - e 300pakeHHs, Ha TKOMY
IS KOXKHOTO MIKCEJIsl, 3aMICTh KOJIbOPY 30€epiraeTbest HOro BiJCTaHb IO KaMEpH.

' * '
FEaN
Xo H *, X
. NI B
Niga kamepa NMpaBa kamepa

Puc. 2. Cucrema crepeo3opy JUisl BA3HAYCHHS B1ICTaH1

[Mpunuun poGoTH cuCTeMH, 3aCHOBaHMM Ha TOOYIOBI KapTH TJIMOMHH
npencraBieHnii Ha pwuc. 1. g KOXHOTO MiKcels KapTUHKU 3 JIBOI Kamepu 3
KOOpJUHATaMH (X, }p) 3A1MCHIOETHCS MONIYK BIAMOBIIHOTO MIKCENs Ha 300paykeHH] 3
npaBoi kamepu. Ilpu 1bOMYy KOOpAMHATH KAapTUHKKA 3 MpaBoi Kamepu OyIyTh
BIJIPI3HATHUCS BiJ KOOpAMHAT 3 JIBOI KamMepu Ha BEIWYHMHY 3MIiIIeHHS d TOOTO (xy-
d,yy). Ilomryk BiMOBIIHOTO MIKCEJSI BUKOHYETHCSA HUIAXOM OOYUCICHHS MAaKCUMYyMY
GyHKIIT BIATYKY, B SIKOCTI SIKOT 3a3BHMYaif BUKOPHCTOBYIOTH KOPEJSAIII0 OKOJIMIIb
IIKCEJIB.

Tomi 3anexHICTh MK 3MIIICHHSM 1 TJIMOMHOIO IIKCEIIB MOXKHA BHUPA3UTH
HACTYMHOIO (OPMYIIOIO:

z-1T

d
e Z — BIACTaHb A0 TiKcens; f — (PokycHa BiJCTaHb Kamepu; 7 — BIICTaHb MIXK

b

KaMmepamu; d — 3MIIIEHHS MiKCes.

Bucnoeok. Y po3poOieHiii KOMIT'IOTEpHO-IHTErpOBaHIi cucTeMi Ha 0a3l MiHl
komn'torepa OrangePifuis BU3HaUEHHS BiJICTaHI BHKOPHUCTOBYETHCS BHUIICOTMCAHHIA
METO/I, 3aCHOBAHMI Ha Mari MNIMOUHM 1O NajJbHOCTI. 32 YMOBU SIKICHOTO BUKOHAHHS
omepariii KamiOpyBaHHs KaMmep BiJI€O-CUCTEMH MOXKHA JOCATTH BHCOKOI TOYHOCTI
BHU3HAUEHHS BIJICTaHI1 JJ0 00'€KTa.

Knrwouosi cnosa: crepeo-3ip, Web-kamepa, kapra TIMOWHU MaabHOCTI, MIiHI-
komm'rorep OrangePi.
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V]IK 004
JIOJIATKOBUI TEPMO-MEXAHIYHUI 3AXUCT BE3KOPITYCHUX
BUPOBIB V ITPOLIECT CKJIAJIAHHS TA ®IKCAILIIT

3umosuenxo B. O., bopucesuu B. M., Manaxoe I'. b., Hecin B. B.
Yxpaincokuii nayxoeo-oocnionuti incmumym cneyiaibHOi mexHiku ma cyo0osux ekcnepmus
Cnyocou b6esnexu Yrpainu, m. Kuis, Ykpaina
E-mail: 777235@ukr.net, borisevich.vik@gmail.com, 1german@ukr.net, witnes@ukr.net

CkrazeHi 6€3KopITyCHI BUpOOM (3MOHTOBaHI €JIEMEHTH Ha IiaTax) (pikCyroThes
TepMOyCa)KyBaIlbHUMH MaTepiasiaMu Haigactiimie y dopmi TpyOok. Marepian Ha
OCHOBI BUCOKOMOJIEKYJIIPHUX TOJIIMEPIB MA€ rapHi €JeKTPOI130JISIiHI BIACTUBOCTI.
AHI30TPOITHI BJIACTUBOCTI TPYOKH 3 TOYKH 30py HAMNPSAMKY YCAJAKU JTO3BOJIIOTH
IIPOTHO30BAaHO BUKOHYBATH MOHTaX Ta (pikcarrito. Lleit mpoiiec 103Bossi€, HAPUKIIA,
OPOBOAMUTH 130JSILII0 OTOJEHMX MUISIHOK eNeKTpUYHUX JApoTiB (puc. 1). Ycanka
BIIOYBa€eThCS B HANPSAMKY 3MEHIICHHsS JlamMeTpy TpyOku wmaibke Ha 50 %.
[To3norxus ycaaka TpyOku — 10 10 %. OcamxyBaHHs BinOyBa€eThCs Mij AI€I0 TEIUIa
Q. Hociem Temma € Harpite mnoBiTpa. Martepian TpyOKH MICHS TEPMIYHOTO
0CaJ)KyBaHHS HaJIMHO (PIKCyeThcs Ha BUpOOaX 13 3aJHMIIKOBUM HATIroMm G (puc. 1,
puc. 2).

Hampasnena misi Temia NpU3BOAUTH 10 BUYEPHAHHS 3amacy TEPMOCTIHKOCTI
CIIEKTPUYHUX KOMIIOHEHTIB. Marepian miaTv Ta MPOIMOHOBaHA JOJATKOBA 3aXHCHA
IUTACTHHA — CIPUMMAIOTh YaCTHUHY HA/UTUIIKOBOTO TeIUIa. TakuM YMHOM 3HMKYIOThCS
BUTPATH 3aI1acy TEPMOCTIUKOCTI €JIEMEHTIB BUPOOY.

VYcanka ¢ikcyroyoro mMarepiany y 0€3KOpIyCHUX BUpOOax MPHU3BOJIUTH 10 Mii Ha
KpaiiHi eeMEeHTH TaKoTO BHPOOY T0JaTKOBOTO MOMEHTY CHIIM, III0 MOKE MPU3BECTH
JI0 1X BIPUBY B MICIISIX TTAHKH.

BBeaeHHs 10AaTKOBOT TEKCTOJITOBOI IJIACTHUHU, IO 32 TOBIIMHOK 1 (OPMOIO
MOBTOPIOE KOHTYPH IJIaTH OCHOBU BHPOOY 1 pO3TAIIOBYETHCA HaJl 3MOHTOBAaHUMH Ha
Hili KOMIIOHEHTaMHU [ 1], 703BOJISIE 3MIHUTH HANTPSIMOK i1 3yCHJIb CTUCKAHHS (pHC. 2).

@-@ @QE (|
L,
6

Cunu 3 pamianbHUX JOLEHTPOBUX 3a HAMPSMKOM CBOEI /il TIEPETBOPIOIOTHCS HA
IIPOrHO30BaH1 JBOHAIPABJICHI 3 BEPTUKAIBHOIO 1 TOPU30HTAIBHOIO CKJIa/10BOIO.

Knrouosi cnosa: mnpunamoOyayBaHHS, 3aXHUCT €JIEMEHTIB, TEPMOMEXaHIUHUN
BILIUB.

Jlirepatypa
[1] Payionanizamopcoka nponosuyis ¢ ICTE CBY Ne 85 «3miHa KOHCTPYKIIii OIaTKOBOTO

akymynsitopa cepiitHoro BupoOy ‘“XKYK”», / B.M. bopuceBnu, B.O. 3umoBYeHKO,
I'. b. Manaxis, 201942

<)

Puc. 1. Puc.2.
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YK 621.391
AJJAIITUBHE KEPYBAHHA ITPOLIECOM OBPOBKU AETAJIEN
I[MTPMJIAIB B ABTOMATHN30BAHOMY BHUPOBHUI[TBI

Llleguenko B. B.
Hayionanonuu mexniunuu ynisepcumem Ykpainu
«Kuiscokuti nonimexniunuii incmumym imeni l2ops Cikopcvkoeoy, Kuis, Ykpaina
E-mail: shevchenko.vadim.pbfl@gmail.com

[limBUIIEHHS TOYHOCTI Ta HAAIMHOCTI OOpoOKHM neTajie TmpuiadiB B yMOBax
aBTOMATH30BAHOTO BUPOOHMIITBA MUISXOM BUKOPHCTAHHS aIallTUBHOTO KEPyBaHHS €
IyXe aKTyaJbHOIO 3a/1a4elO.

BuxopucTanHs afanTUBHOTO KEpyBaHHS BIIKPUBAE HOBI HANIPSMKH ITiIBHILEHHS
SKOCTI TIOBEpXHI1 JeTail, TOYHOCTI OOpOOKH, a TaKOXX 3HHKEHHS COO01BapTOCTI
BUPOOHUIITBA JeTayiel mpuiais [1].

Haii6inpury eekTuBHICTh aJalTUBHOTO KEPYBAHHSI MIPOLIECOM 0OpOOKH JeTaneit
OpUIaAiB CIiJl O4IKYyBaTH TOJIl, KOJU KepyBaHHS Oy/e 3aCHOBAaHO Ha BHMIpI TaKUX
CUTHAIIB, $KI Oe3mocepeHh0 TOB’si3aHI 3  (DI3UKO-XIMIYHUMH  SIBUIIIAMH, SKi
BUHUKAIOTh y 30H1 pi3aHHSA. Jl0 TaKMX CHUTHaIIB BIJHOCATHCA: 3MIHHA CKJIaJOBa
CJIEKTPOPYIIIHHOT CHJIM, €JIEeKTPOMAarHiTHE BUIPOMIHIOBAHHS Ta TOTY>KHICTb
pizanHs [2].

BuxopucTtanss AeKiIbKOX CUTHAMIB, SIKI HECYTh 1H(OPMALIiIO PO CTaH PIKYUOTO
IHCTPYMEHTY, JI03BOJIMTh BUKJIIOUUTH HerependadeHi 301 y cUCTeMi KepyBaHHS, a
TaKoXX 3HU3UTH BIPOTITHICTH HEMPABUJIBHOTO OIIHIOBAHHS 3HOCY PIKY4YOTo
1HCTpyMeHTy [3].

Po3pobnena cuctema ananTUBHOTO KEPyBaHHS CKJIQJA€ThCS 3 MPHUCTPOIB
BUMIPIOBaHHS 3MIHHOI CKJIaJIOBOi €JIEKTPOPYUIIHOI CHUITH, €IeKTPOMArHiTHOTO
BUIPOMIHIOBaHHSI Ta MOTY>KHOCTI pi3aHHs, OJIOKIB aHaI3y CIEKTPYy CHUTHAJIB Ta
dbopMyBaHHS IHTEpBAJIB YacTOT, OJIOKa Mam'sTi Ta OJOKa YIpaBIiHHS PEeKAMaAMU
00poOku aerani Ha BepcTaTax 3 UIIK.

Bukopucranas cucreMu aganTMBHOIO KepyBaHHsA Ha Bepcratax 3 UIIK
J03BOJIUTh MIABUILMWTH TOYHICTh Ta HAIIAHICTE OOpOOKHM, 3HU3UTU KUIBKICTb
OpakoBaHUX JETaje, 0 AACTh MOXJIMUBICTh MIABUILMTH MPOAYKTUBHICThH Ipalll Ta
3HM3UTH COOIBapTICTh OOpOOKM AeTaneil mpuiagiB B yMOBAaX aBTOMAaTH30BAaHOTO
BUPOOHUIITBA.

Knouoei cnosa: amanTuBHE KepyBaHHs, €JNEKTPOPYIIidHA CHIA, TMOTY>KHICTh

pi3aHHA, TOYHICTh, MPOJYKTUBHICTD.
JlitrepaTypa

[1] B.A. Ocradpnes, I'.C. Teimuuk, B.B. IlleBuenko, Mexanuzayus u asmomamu3ayusl
ynpaenenus. Kues, CCCP, 1983.

[2] B. B. llleBuenko, 1. B. Kaminoc, [I. O. I'paboBcbkuii, “CucremMa KOHTPOJIO TPOIECy 0OpoOKu
JeTane B ymMmoBax «0e3moHol TexHousorii”, Ilpoepecusni mexnonoeii ma npunaou, Y€pBeHb
2011 p., c. 223-231, 2011.
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[3] C. H. Ilapabypa, B. B. llleBuenko, “Cucrema aJanTUBHOTO YIPaBICHUS POIIECCOM 00pabOTKH
neraneid Ha crankax ¢ UIIY”, Coepemennvie nayumvie ucciedosanus u unnosayuu, VIoHD,
2014. [OnexTponnsIii pecypc]. HoctymnHo: http://web.snauka.ru/issues/2014/06\34729

V]IK 621
TOB «IIPOT'PECTEX-YKPATHA» — PEAJIIBALLA CITIBITPALILL
POBOTOJABEILb — YHIBEPCUTET — CTYAEHT

Drnaocorui MAM., Z)Eapanduu, K.C.
ToB «Ilpoepecmex-Ykpainay», Kuis, Yxpaina
2)Haz;ionailbﬁuﬁ mexHiuHul yHieepcumem YKkpainu
«Kuiscoxuu nonimexuniunuu incmumym imeni leops Cikopcevkoeo», Kuis, Ykpaina
E-mail: ukr@progresstech.ua

[Iporpecrex-YkpaiHa € OJHUM 3 HaWOUIBIIUX 1HXXKEHEPHO-KOHCTPYKTOPCHKUX
HEHTPIB YKpaiHu, 10 HaJlae 1HKEHEePHI MOCIYTH MPOBIAHUM CBITOBUM BUPOOHUKAM
aBlaTEeXHIKH, pO3po0Jige MporpaMHe 3a0e3leyeHHs I MPOEKTHI pIlIeHHS IS
HITPUEMCTB TPAHCTIOPTHOI Ta TPOMHUCIIOBO1 1HOPACTPYKTYPH.

Komnanisi CTpIMKO pO3BHBA€TbCA HAaBITh B YMOBaX JKOPCTKOi TIJI00ambHOI
KOHKYPEHI[II Ta TOCTPOi PEriOHAIbHOI E€KOHOMIYHOI Kpu3u. UWCenbHICTH Hamoi
1HKeHepHOi KoMaHu, sika me B 2014 pomi cknagana 150 ocib, Ha gaHUN Yac BKe
nocsirna BiaMITKH B 850 oci6. KpiM Toro kommaHis Mae HaMipu MPOJOBKUTH
30UTBIICHHS ITATy 1 Hagam, Tak 10 KiHisg 2020 poky — g0 6;1u3bpko 1000 ocib.

Take 3pocTaHHs € 3aKOHOMIPHOIO BIJIMOBIJIIIO HA MIJBUILIEHUN TOMUT HA TOCIYTH
KOMIIaH1i Ta 3arajJbHy BUCOKY 3aJI0BOJIEHICTh 3aMOBHUKIB. Tak, [Iporpecrex-Ykpaina
YJOCTO€EHA MMOYeCHOT Haropoau Boeing 3a BUHATKOBY €(PEKTUBHICTh 1 BUCOKY SIKICTh
po6iT — Performance Excellence Award 2017.

[Ipore Ha manwii yac pUHOK Tpari YKpaiHH HE B 3MO31 3aI0BOJIBHSTH KaJpOBi
noTpedu KOMIaHii, U0 CTPIMKO HapOIIYIOTh BUPOOHMY1 MOTYXKHOCTI. Taka cuTyailie
€ HaCJIIKOM 3MEHILIEHHSI IPOMHUCIOBOTO BUPOOHHUITBA B 90-T1 POKH, BUBUIbHEHHSIM
BEIIMKOI KUTBKOCTI 1HXKEHEPHUX KaJpiB, MEPETMOBHEHHS PUHKY Tpari Ta pPIi3KOro
3MEHIIEHHS CepeAHbOr0 PIBHSA iX 3apo0iTHOI Tatu. B cBoro uepry ue mpusBeno 10
3MEHIIEHHS TOIMYJSIPHOCTI 1H)XKEHEpHUX TMpodeciii Ta 3MEHIICHHS AEepKaBHOTO
3aMOBJICHHSI Ha 1H)XEHEPH1 CIeliaabHOCTI Yy 3akiaaax Buioi ocBity (3BO). Kpim
TOT0, CUTYallil0 Ie OUIbIINE YCKJIQJIHWIO 3arajibHE 3HKCHHS 4Kcia abiTypIEHTIB 10
3BO, 110 4acTKOBO MOSCHIOETHCS CKIIAIHOIO JeMorpadiuHo0 cUTyallle€lo B YKpaiHi
Ta CYTTEBUM 3MEHIIICHHSM KIJTbKOCT1 BUITYCKHHUKIB 3arajiIbHOOCBITHIX THKLI [1].

Tomy mns Ilporpecrex-YkpaiHa e(eKTHUBHUM pIIICHHSIM CTajla CHiBIOpaus 3
POBIAHUMH TEXHIYHUMU BHUILIAMU YKpaiHU Ta CTBOPEHHS MpOrpam ayainbHoi opmu
3100yTTSl OCBITH, pealli3allisl KuX nepeadadae 0e3mocepeHIo y4acTbh poOOTOIaBIIs B
ocBiTHbOMY Tmporeci. Tak B ciuni 2019 poky BiAOyBCS BUIYCK MEPIIOi TPYyNu
MaricTpiB cnuibHOI mporpamu ayansHoro HaB4yaHHs KIII im. Irops Cikopcbkoro ta
komnanii Ilporpectex-YkpaiHa. Y4acHHKM HporpaMu OJHOYACHO 3 HaBYAHHSIM Y
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KIII mparrtorots y [Iporpecrex-Ykpaina Ha nmo3uiii iHXeHepa, MOeAHYI0YN HaBYaHHS
B TMPOBIJHOMY TEXHIYHOMY YHIBEPCHUTETI KpaiHW 3 Oe3MocCepeHhOI0 Y4YacTIO B
HaWOTBIINX MDKHAPOJIHUX aBlaOyIIBHUX MporpaMax. A B MUHYJIOMY pOIlil Iporpamy
OyJi0 PO3IIMPEHO III€ Ha OJHY crheliaiabHiCcTh. Habip A0 marictpaTypu IyaiabHO1
dbopmu HaBYaHHS 31ACHIOETHCS OPIYHO. [Ticis 3aBepilieHHs: HaBYaHHS BUITYCKHUKH
MPOJIOBXYIOTh POOOTY B KOMIIAHII Ta OTPUMYIOThH JOCTYII JI0 y4acTi ByKe B OUIbII
CKJIQJIHUX 1H)KEHEPHUX MPOEKTaX.

[Iporpectex-YkpaiHa TakoXX € OpraHi3aTopoM psily OCBITHIX Mporpam JJis
MoJIouX 1HKeHepiB. Tak, Ha 6a3i CHuTbHOTO HaBUYaJIbHO-HAayKOBOTO IeHTpy HTYVY
«KII»-«IIporpecrex-YkpaiHa», OCHOBHOIO METOI0 CTBOPEHHS SIKOro OyJo
3a0e3MeyeHHs] JI0AAaTKOBOI Cy4YyacHOi MiJrOTOBKU 1HXEHEpPIB-MEXaHIKIB B Traiysi
aBlaOyayBaHHs mounHaroud, 3 2014 poky yCHIIIHO MPOBOJSATHCS KypCH MiATOTOBKU
70 mpareBnamTyBaHHd «OCHOBH KOHCTPYIOBaHHS aBialiiiHOi TexHikm». Kypcu €
HUKIIYHUMH 1 TIPOXOJATH JBIYl Ha pPIK — HaBeCHI Ta BoceHH. [lo rpymu ciyxauis
KypCiB MOXYTb JOJYYUTUCS CTYACHTH Ta BUITYCKHUKU OYIb-SIKOTO TEXHIYHOTO BUIILY
kpainu. [leHT 3a0e3medeHO HEOOXIMHOK MaTepiayibHOK 043010 Ta Cy4YacHUM
OPOrpaMHUM 3a0€3MEUEHHSAM, SKE€ BUKOPUCTOBYETHCS MPOBIJHUMHU CBITOBUMH
KOMITaHISIMM — BUPOOHUKAMU aBlaiiitHoi TexHiku. [Iporpama HaBuaHHs nependayae
BUBUCHHS MEpPEJOBUX METOJIB 1HXXEHEPHOTO MOJIEIIOBAHHS Ta PO3PaXyHKY
aBlalliiHUX  KOMIIOHEHTIB 1 CTPYKTYp 3 3aJIydeHHSAM JO BHUKJIAJaHHS
BUCOKOKBaTI(p1IKOBAHUX 1HXKEHEpIB KommaHii Ta (axoBUX BUKJIaJadiB. BUITyCKHUKH
KypciB OTpUMYIOTh TMOMITHY IepeBary B KOHKYpPEHLII Ha pHUHKY mpami B cdepi
IHTEJIEKTYaIbHUX TOCAYr Ta MOJJIMBICTh TNPALEBIAIITYBaHHS B  KOMIIaHIi
[Iporpecrex-Ykpaina. Tak, mounHaouu 3 nepuoro Habopy Ha Kypcu Bocenu 2014
POKY Ta BKJIIOYAIOUM OCTaHHIN BUIyck BoceHu 2020 poky, ciiyxauaMu KypCiB CTaJlo
6mu3bko 220 ocid, 70% 3 sKux OO1MHSUIM OCaau 1HXXEHEPIB 3 MILHOCTI, 1HKEHEPIB-
KOHCTPYKTOpIB IUIAHEPY JIiTaKa, CHCTEM JIiTaka Ta 1HXKEHEPiB-KOHCTPYKTOPIB 3
PO3pOOKU 1HTEP €PIB MOBITPSHUX CyAeH. Takok KOMIaHIS Ma€ OKpeMi HaBYajbHI
neHTpu B XapkoBi Ta JlHimpi, Ae ciayxadi MawTh 3MOTY TMPOMTH IOCUJIEHY
MiTOTOBKY 3 HU3KH BAYKJIMBHX JJIS1 aBlallifHOTO 1H)XEHEepa JUCITUTLIIIH.

Takum 4ywmHOM, iHBecTHIlli kommaHnii [Iporpectex-Ykpaina B MalOyTHE
1H)KEHEPHOI CIPaBH HAIIOT KpaiHU CIIPHUSIOTH HE JUIIE 3ATyYECHHIO OUTBIIOT KITHBKOCT1
TaJJaHOBUTOI MOJIOAI [0 OTpuMaHHs ¢axy 1HXeHepa, a 1 JO0 3arajbHoi ii
MOMYJISIpU3allii Ta PO3BUTKY 1HKEHEPHO1 Tamy3l B YKpaiHi.

Knrouosi cnosa: 1HxeHepH1 TIOCIYTH, 1H)KEHEPHA OCBITa, MyallbHA MaricTparypa,

HaBYaJIbHUM LEHTP, NMPALEBIIAIITYBAHHS.
Jlitreparypa

[1] M. M. I'mancekwuii, K. C.bapanany, A. P. @iankoBcekuii, O. C. Tpetsikos, “/lyanbHa oCBiTa K
MoJieNb e(heKTUBHOI CHiBIpalli poOOTOAaBELb-YHIBEPCUTET-CTYAeHT , HAa M)KHAp. HayK.-TEXH.
koH(. IIpoepecusna mexuixa, mexunonoeia ma indxcenepra ocsima, Xepcos, 2019, c. 383-388.
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